Introduction {#S0001}
============

Port-wine stains (PWS) are capillary malformations, the most common congenital, slow-flow vascular malformations of the skin. PWS are composed of dilated dermal capillaries, the so-called "capillary-venular-like channels" ([@CIT0001],[@CIT0002]). There are no differences in vessel number, but there is an altered or even absent neural modulation of the vascular plexus with a decrease in both sympathetic and sensory innervations of the papillary plexus ([@CIT0003],[@CIT0004]). The prevalence of PWS is stated to be 0.3--0.6% in newborns. The male-to-female ratio is 1:1 ([@CIT0001],[@CIT0005]). Although generally not considered a familial condition, earlier studies have reported an inheritance of 8--22% ([@CIT0006]). The segregation pattern is often compatible with autosomal dominant inheritance, as for capillary malformation--arteriovenous malformation (CM-AVM). For the first time, CM-AVM was described to be caused by heterozygous mutations in the *RASA1* gene on chromosome 5q13.1--14.3 ([@CIT0010]). These mutations cause abnormal angiogenic remodeling of the primary capillary plexus ([@CIT0013]). In CM-AVM, patients present with multifocal cutaneous capillary malformations often in association with fast-flow lesions, such as cutaneous, subcutaneous, intramuscular, intraosseous, cerebral, and spinal arteriovenous malformations or arteriovenous fistulas. Some patients with CM-AVM have Parkes Weber syndrome, a large congenital cutaneous vascular stain in an extremity, with bony and soft tissue hypertrophy and microscopic arteriovenous shunting. Previously, arteriovenous malformations and arteriovenous fistulas have been considered non- hereditary ([@CIT0013]). Our aim was to investigate the heredity of PWS among patients who attended the laser and vascular anomaly section at the Department of Dermatology in Malmoe, Southern Sweden, between 1993 and 2004 and the involvement of the *RASA1* gene in patients with a positive family history of PWS.

Materials and methods {#S0002}
=====================

Study population {#S0003}
----------------

The retrospective study was a collaboration between the Department of Dermatology, UMAS laser clinic in Malmoe, Sweden and the Laboratory of Human Molecular Genetics, de Duve Institute, Université Catholique de Louvain, Brussels, Belgium. Patients attending the laser and vascular anomaly section at the Department of Dermatology in Malmoe between 1993 and 2004 were examined by a trained specialist for PWS. The study was approved by the local ethics committee at Lund University 490-02. Details of clinical examination were recorded with special reference to site, color, and texture of the PWS, and pictures were taken after informed consent was obtained. After clinical examination, patients were given a questionnaire, in which they were asked whether they knew any relative who had a red birthmark like themselves and, if so, where it was located. After returning the questionnaires, patients and relatives with a positive family history were selected, interviewed, and blood samples were obtained from an antecubital vein of the patients for screening for *RASA1* gene mutations.

RASA1 screening {#S0004}
---------------

To amplify all 25 exons, including exon--intron boundaries, 26 sets of primers were designed. Genomic DNA was screened by denaturing high-performance liquid chromatography on the WAVE 3500 HS system (Transgenomic Inc., Omaha, NE, USA). Fragments with abnormal profiles were sequenced on a Beckman capillary sequencer. Numbering of nucleotides was based on the cDNA, sequence NM_002890.1, with the adenosine of the ATG start codon marked as + 1.

Results {#S0005}
=======

Positive and negative family history groups {#S0006}
-------------------------------------------

A total of 254 patients were examined and given a questionnaire inquiring about a family history of PWS ([Figure 1](#F0001){ref-type="fig"}). During the initial review of the returned questionnaires and assessment of patients, 14 patients were excluded due to diagnosis other than PWS. In the negative family history group, a total of 11 patients were excluded with the following diagnosis: 4 hemangiomas, 3 Klippel--Trenaunay syndromes (KTS), 3 nevi, and 1 lichen sclerosus et atrophicus.

![Description of the positive family group.](ijcl_a_1007060_f0001_b){#F0001}

In the group with positive family history, a total of four patients were excluded because two had KTS, one had a hemangioma, and one had blue rubber bleb nevus syndrome. Hence, 240 patients were included and divided into two groups. The first group consisted of 65 subjects who had a positive family history of PWS ([Table I](#T0001){ref-type="table"}): 19 males (median: 25 \[range: 2--53\] years) and 46 females (median: 24 \[range: 1--63\] years). Clinical examination of the patients was done by the investigators. The male-to-female ratio and distribution of PWS was 1:2.4. In the other group, 175 subjects had a negative family history of PWS ([Table II](#T0002){ref-type="table"}): 66 males (median: 30 \[range: 1--77\] years) and 109 females (median: 27 \[range: 2--74\] years). The male-to- female ratio and distribution of PWS was 1:1.7. In the positive family history group, the most common location of the PWS was in the following order: face (74%), neck (22%), trunk (15%), legs (11%), arms (8%), and hands (2%). The group with the negative family history had similar location: face (79%), neck (20%), trunk (16%), legs (9%), arms (7%), and hands (6%).

###### All characteristic for the group.

  Group 1: Positive family history                                                                                                                        
  ---------------------------------- --------- --------- ------- ---------- ----------------- ---------- ------------- ---------- ----------------------- ----------
                                     19        46        Face    74% (48)   Confluent         38% (25)   Pink          35% (23)   Flat                    83% (58)
  Distribution                       30%       70%       Neck    22% (14)   Patchy            58% (38)   Red           20% (13)   Hypertrofic (diffuse)   4% (3)
  Mean age ± (SD)                    24 + 15   25 + 15   Trunk   15% (10)   Teleangiectatic   9% (6)     Pink/purple   3% (2)     Hypertrofic (papular)   3% (2)
  Age range                          2--53     1--63     Arms    8% (3)     Not stated        20% (13)   Pink/Red      14% (9)    Not stated              11% (7)
                                                         Hands   2% (1)                                  Red/purple    11% (7)                             
                                                         Legs    11% (6)                                 Purple        2% (4)                              
                                                                                                         Not stated    23% (15)                            

\*Subjects can have more than one feature. For the lesions the site, pattern, colour and skin surface: N is reported in the brackets. Subjects with positive family history n = 65.

###### All characteristic for the group.

  Group 2: Negative Family History                                                                                                                         
  ---------------------------------- --------- --------- ------- ----------- ----------------- ---------- ------------- ---------- ----------------------- -----------
                                     66        109       Face    79% (138)   Confluent         51% (90)   Pink          21% (37)   Flat                    93% (162)
  Distribution                       38%       62%       Neck    20% (35)    Patchy            54% (94)   Red           16% (28)   Hypertrofic (diffuse)   6% (11)
  Mean age ± (SD**)**                30 + 16   27 + 18   Trunk   16% (28)    Teleangiectatic   11% (20)   Pink/purple   9% (16)    Hypertrofic (papular)   14% (24)
  Age range                          1--77     2--74     Arms    7% (12)     Not stated        13% (23)   Pink/Red      13% (23)   Not stated              6% (11)
                                                         Hands   6% (11)                                  Red/purple    8% (14)                             
                                                         Legs    9% (15)                                  Purple        17% (29)                            
                                                                                                          Not stated    11% (20)                            

\*Subjects can have more than one feature. For the lesions the site, pattern, colour and skin surface: n is reported in the brackets. Subjects with negative family history n = 175

The lesions were clinically presented mainly as flat, confluent, patchy, and pink/red in both groups. On the basis of these groups, the heredity of PWS can be estimated to be 27% (65:240).

We were interested in seeing whether the hypertrophic PWS could be different in comparison with macular PWS regarding the genetics. We found that 7% in the positive family history group had hypertrophic skin surface, [Table I](#T0001){ref-type="table"}. In the negative family history group, 20% had hypertrophic skin surface.

The RASA1 gene-screening group {#S0007}
------------------------------

From the group with positive family history, 21 subjects (8 males: 13 females) and their family members were included in the *RASA1* gene screens ([Table III](#T0003){ref-type="table"}). A total of 95 subjects were included. Out of 95 subjects, 59 male (*n* = 27):female (*n* = 32) had a PWS (62% of the entire group). We were able to obtain 81 blood samples for analysis. Some family members were deceased or did not agree to give a blood sample ([Figure 1](#F0001){ref-type="fig"}). In this group, 49 subjects including the index patients had a PWS: 20 males (median: 34 \[range: 10--79\] years) and 29 females (median: 35 \[range: 7--89\] years). The male-to-female ratio and distribution of PWS was 1:1.4. The characteristics of all 49 with a PWS are given in [Table III](#T0003){ref-type="table"}. The lesions were most commonly located in the following areas: face (41%), neck (41%), trunk (10%), arms (14%), legs (12%), and hands (4%). A majority of lesions clinically presented as flat, confluent, and pink patches. We did not identify any *RASA1* gene mutation in our patients after the screening.

###### All characteristic for the group.

  *RASA1* gene screening group                                                                                                                        
  ------------------------------ --------- --------- ------- ---------- ----------------- ---------- ------------- ---------- ----------------------- ----------
  N                              20        29        Face    41% (20)   Confluent         67% (33)   Pink          41% (20)   Flat                    90% (44)
  Distribution                   41%       59%       Neck    41% (20)   Patchy            57% (28)   Red           20% (10)   Hypertrofic (papular)   4% (3)
  Mean age ± (SD)                34 + 23   35 + 15   Trunk   10% (5)    Teleangiectatic   12% (6)    Pink/purple   2% (1)     Hypertrofic (diffuse)   2% (1)
  Age range                      10--79    7--69     Arms    14% (7)                                 Pink/Red      29% (14)   Not stated              4% (2)
                                                     Legs    12% (6)                                 Purple        4% (2)                              
                                                     Hands   4% (2)                                  Not stated    4% (2)                              

\*Subjects can have more than one feature. For the lesions the site, pattern, colour and skin surface: n is reported in the brackets. Subjects with PWS n = 49.

Discussion {#S0008}
==========

In this retrospective questionnaire-based study, we showed a familial tendency of common CM for 65 out of 240 patients, which translates to a 27% heredity for PWS. In the group with positive family history, 21 patients and 60 relatives were screened for *RASA1*, mutations which cause the familial CM-AVM phenotype. We did not identify any mutation in our patients. Earlier studies have reported a prevalence of 8--22% ([@CIT0006]). These data suggest that PWS may have a higher heredity component in our selected population. In the literature, the male-to-female ratio is reported to be equal ([@CIT0001]). We found a higher female preponderance in the negative (62%) and positive (70%) family history groups. However, this was also the case for the RASA1-screened group (59%), in spite of the elimination of selection bias due to random selection of our 21 index subjects and family members. The above findings and the frequencies regarding site, color, pattern, and skin surface of the PWS studied in all three groups are similar to those of previous studies, with a trend for developing darker and more hypertrophic PWS with age ([@CIT0006],[@CIT0008],[@CIT0009]). The percentage of patients with PWS in whom skin thickening and nodularity will develop has been earlier estimated to be 10% ([@CIT0006]). In our study, we found a frequency of 4--14% of hypertrophic papular lesions in all three groups primarily located on the face. The onset of this thickening has been reported to occur in the 20--39-year-old group, with continued progression throughout the life of the affected individual ([@CIT0014]).

Sanchez-Carpintero et al. ([@CIT0015]) suggested that the reason why the face compared with truncal and extremity lesions is the most common site of PWS and associated thickening may be related to the fact that cranial mesenchyme, unlike the rest of the body, is derived from the neural crest rather than the mesoderm. Additionally, the well-recognized distribution of facial PWS in a segmental pattern corresponds to one or more branches of the trigeminal nerve.

Sanchez-Carpintero et al. ([@CIT0015]) also reported a late-stage PWS on the face of a 75-year-old man with wide epithelial and mesenchymal changes that were not restricted to focal tumor-like nodules. They suggested a multigermline developmental field defect in the pathogenesis of this lesion, perhaps mediated by somatic mutation. It is becoming more evident that genetic factors play a critical role in the pathogenesis of vascular anomalies. They are classified into vascular tumors and vascular malformations ([@CIT0016]). Vascular malformations are usually present at birth, grow proportionally with the patient, and rarely regress. These malformations include capillary, venous, arterial, and lymphatic telangiectasia, and combined or mixed vascular malformations.

In contrast to vascular tumors (e.g., hemangiomas), molecular genetic studies have identified disease-causing genes for a variety of vascular malformations. Hereditary venous malformation capillary malformation (VMCM) are caused by dominant TIE2 mutations ([@CIT0017]) and glomuvenous malformations are caused by loss-of-function mutations in glomulin ([@CIT0019]).

For the PWS, a genetic locus, *CMC1*, has been mapped to chromosome 5q14--21 in a study of 13 families ([@CIT0010]). Subsequent studies identified the *RASA1* gene, which encodes a p120-RasGTPase-activating protein (p120-RasGAP). The function of p120-RasGAP is to switch the active GTP-bound Ras to the inactive GDP-bound form, and *RASA1* defects probably cause abnormal angiogenic remodeling of the primary plexus ([@CIT0015]). *RASA1* mutations have been detected in families with CM-AVM associated with arteriovenous malformation, arteriovenous fistula, or Parkes Weber syndrome ([@CIT0011],[@CIT0020]). Four of the six families investigated were identified in Belgium and 39 individuals carried a *RASA1* mutation. The CM of CM-AVMs were clinically small, round-to-oval, pink-red, typically multiple, and in a haphazard distribution ([@CIT0013]). Similar clinical findings have been seen in other larger follow-up series ([@CIT0021]). In our study only 3 subjects had more than 3 lesions in the affected group. Usually, PWS are sporadic and there is an incomplete penetrance ([@CIT0010]).

Conclusions {#S0009}
===========

Our data show that there is a stronger heredity component of common PWS than earlier reported (in our selected population); however, we did not detect a *RASA1* gene mutation in these lesions (PWS). Further investigations are warranted to locate genetic markers for PWS.
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